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Studied has been the influence of thallium activator on the growth kinetics and
structure perfection of KDP and ADP crystals, the character of its incorporation and
distribution in the crystal lattice and the photoluminescence properties. Revealed has been
thallium incorporation anisotropy in the prism and pyramid growth sectors of ADP crys-
tals which may be caused by the charge state of the {100} and {101} growth planes. For
KDP crystals, thallium incorporation is limited by the ionic radii difference of the K* and
TI* cations. Doping with thallium in amounts up to 1.0 mass % causes no changes in the
structure perfection of KDP and ADP crystals. Thereat, for ADP crystals, there the
increase of the lattice parameter a by 0.9:1073 + 3.107° A is revealed and the decrease of
the parameter ¢ by 1.1.1073+3.107° A. The thallium absorption band in KDP:TI* and
ADP:TI* crystals lies near 220 nm, emission band maximum is at 280 nm.

WsyueHo BiIusHWE aKTHUBATOPA TAJLIUA HA KUHETUKY POCTA U CTPYKTYPHOE COBEPIIEHCTBO
kpucrayniaoe KDP u ADP, xapaxkTep BXOMIEHHSA M pacipejesieHre e€ro B KPHUCTAJINYECKON
pewéTke u Ha (POTOJIOMHUHECIIEHTHBIE cBolicTBa. O0HAPYKEeHA aHNU30TPOINA BXOMICHUA [IPU-
MeCU TaJUIMs B CEKTOPHl pocTa MpUsMbl U nupamugsl KpuctamanosB ADP, uro moiker 6wiTh
00yCJIOBNIEHO 3apANOBBIM COCTOAHMEM TLmocKocTedt pocta {100} u {101}. B xpucrammax KDP
BXOX{ICHHE NIPUMECH TAJLIUA JUMHUTUPYETCA DAsIuuydeM HOHHBIX panumycoB KaTuoHoB K™ u
TI*. IIpu neruposanuu Taxauem g0 1.0 macc.% kpuctannos KDP u ADP usMeHeHUSA CTPYK-
TYPHOTO COBEPIIEHCTBA He ycraHoBieHO. I[Ipm arom o0HApPYy)KeHO yBeludeHHe IapaMmerpa
pemérku a Ha 0,9-1073+3.107° A n yMeHbIIeHHe mapamerpa ¢ ma 1,1.1073+3.107° A LIS
ADP xpucrannos. Ilonoca moriomenusa Tamaua B xpuctamaax KDP:TI* u ADP:TI* memur B
objactu 220 HM, MAKCHUMYM TOJOCHI dMHCCUU TIpuxoanTcs Ha 280 M.
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KDP (KH,PO,) and ADP (NH4H,PO,) sin-
gle crystals are well-known non-linear opti-
cal crystals with a wide optical transpar-
ency band of 175 to 1500 nm [1, 2]. These
crystals possess a high radiation resistance:
their absorption coefficient remains un-
changed under irradiation at doses up to
1013 cm~2 for protons, 1019 cm~2 for neu-
trons and 105 rad for y-particles [3]. As is
known [4], inorganic alkali halide ecrystals
containing ammonium group and doped
with thallium can be used to detect neu-
trons with energies of 1.0 MeV and higher.
KDP and ADP crystals with different activa-
tors introduced into the crystal lattice (e.g.
thallium) also can be applied for neutron
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detection. Neutrons are registered using re-
coil protons in the elastic scattering process
of neutrons on hydrogen atoms.

In this work, the growing conditions were
studied for thallium-doped KDP:TI* and
ADP:TI* crystals from aqueous solutions of
stoichiometric composition (pH = 4.0 for KDP
and pH = 3.2 for ADP). As the starting mate-
rial, we used potassium and ammonium dihy-
drophosphate salts with total content of micro-
impurities not higher than 1-10% mass %. The
activator concentration in the initial solu-
tion was 0.01; 0.1; 1.0 mass % . The micro-
impurities and thallium in the initial solu-
tions and in the grown crystals was deter-
mined using standard chemical and spectral
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Table 1. Growth conditions for thallium-doped KDP and ADP crystals

TI, % mass. Tl, % mass (prism) [Tl, % mass (pyramid) V, mm/24 h Vx’y mm/24 h
(solution) KDP ADP KDP ADP KDP ADP KDP ADP
0.01 0.831073| 1.1-1072 | 0.94.10°3 | 0.56-.10° 2| 5.83 4.0 6.58 3.0

0.1 0.881072| 1.1.1071 | 0.73.102 | 0.54-1071 6.0 3.75 5.6 3.0

1.0 1.2.1071 0.69 1.0.1071 0.44 5.75 3.75 2.62 3.3

analysis methods. The crystals were grown
on point seed by high-rate method with tem-
perature decrease in the 50-30°C interval.
The seed planes were oriented with respect
to the (100), (010), (001) crystallographic
planes to within 30'. The growth rate was
4-7 mm/24 h. It was determined as the av-
eraged value of the grown crystal size ratio
to the growth time. The structure parame-
ters of the grown crystals were established
using the precision three-crystal X-ray dif-
fractometry in monochromic CuK, radia-
tion. The degree of the measurement accu-
racy was attained by formation of primary
X-ray beam with a low angular and spectral
divergence which allowed to obtain the dif-
fraction reflection curves (DRC) with the
half-width B of 7 to 10”. This permitted to
minimize errors while reproducing the DRC
shape and half-width () and the X-ray
beam reflection integral coefficient value
IRexp down to 2 %, to enhance the determi-
nation accuracy of the crystal lattice pa-
rameter Ad/d up to 2-1077, as well as to use
B, IR, Ad/d as a measure of structure
perfection for the grown crystals [4]. Opti-
cal and spectral investigations of KDP:TI*
and ADP:TI* crystals were realized using a
SF-56 spectrophotometer and an “Eclipse”
spectrofluorimeter produced by Varian. The
optical absorption and photoluminescence
spectra were measured in the 200-600 nm
range.

The thallium impurity has been estab-
lished to influence the growth conditions of
the {100} prism sectors and the {101} pyra-
mid ones of KDP and ADP crystals in essen-
tially different fashions. In particular, in
the case of KDP:TI*, the growth rates of the
prism faces in the directions X [100] and Y
[010] are not the same and reduce as the
thallium concentration in the solution in-
creases. At the same time, the growth rate
of the pyramid faces in the direction Z
[001] is independent of thallium concentra-
tion in the solution. Table 1 presents the
data on the influence of the thallium con-
tent in the solution on the crystal growth
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rate and the chemical analysis results of
thallium incorporation into the crystal lat-
tice. The growth rate difference for the
prism and pyramid faces results in changes
in the crystal’s habitus. As the thallium
concentration in the solution increases, the
growth of the prism faces is suppressed and
the crystal becomes extended along the Z
[001] direction, the crystal cross-section
shape in the Z (001) plane is different from
quadratic and tends to rectangular one. As
to ADP:TI* crystals, the increase of thallium
content in the solution does not result in such
noticeable changes in the growth rate of the
prism faces and in the crystal habitus.

The results of chemical analysis clearly
show an essential distinction in the charac-
ter of thallium incorporation into the KDP
and ADP crystal lattices. In KDP:TI* crys-
tals, this impurity is distributed over the
prism and pyramid growth sectors relatively
homogeneously. The incorporation coeffi-
cient of the doping impurity into the said
growth sectors of KDP ecrystals is about 0.1.
In ADP:TI* crystals, the thallium content in
the prism sectors is twice as high as that in
the pyramid sectors, and this corresponds to
the thallium incorporation coefficients into
the prism and pyramid sectors of 1.0 and
0.5, respectively.

Measurements of the crystal lattice pa-
rameters a and ¢ depending on the impurity
concentration show that in KDP:TI* crystals,
the parameter a increases by Aa = 1.5:1074 A
and the parameter ¢ decreases by Ac =
1.5:10 4 A as the mentioned concentration
risesup to 0.1 mass %. For ADP:TI* crys-
tals, the content of thallium attains
1.0 mass %, the parameter a increases in
this case by Aa = 9-1074 A and the parame-
ter ¢ diminishes by Ac = 11.2.1074 A. The
dependences of the lattice constants a and ¢
on the thallium concentration in the crystal
are shown in Fig. 1 for KDP:TI* and in Fig. 2
for ADP:TI*. The measured values of the
crystal lattice parameters correlate with the
chemical analysis data: incorporation of
thallium impurity into the prism sector of
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Fig. 2. Dependence of the lattice periods a (I) and ¢ (2) of ADP:TI* crystal on the thallium

concentration.

KDP:TI* is a decimal order lower than that
in the case of ADP:TI*, and this is clearly
seen as the difference in the parameter a
change.

The thallium incorporation and distribu-
tion character in the KDP and ADP crystal
lattices is defined most probably by the dif-
ference in the ionic radius values of K*
(1.833 A), NH,* (1.45 A) cations which form
the lattice and of the impurity TI*(1.48 A),
as well as by the charge states of the
growth planes in the prism {100} and the
pyramid {101} [5, 6]. In the course of
growth, the prism plane {100} is formed by
phosphate-potassium packets and has no
electric charge. The pyramid plane {101} is
formed in turns by the tetrahedrons
(H,PO,) and K cations, thus, acquires al-
ternating negative and positive charges.
The neutral plane {100} is constantly open
for interaction with the cationic impurity,
whereas the plane {101} interacts with that

660

impurity only being charged negatively. A
considerable distinction between K* and TI*
ionic radii (210 %) results in a small value
of the thallium incorporation coefficient
into the KDP crystal lattice (0.1) as well as
in the fact that the impurity will be most
probably located not only in the crystal lat-
tice sites, but also in the interstitial space.
In ADP:TI*, the distinction between the
NH,* and TI* ionic radii is essentially
smaller (<2 %); thallium substitutes the
ammonium group subject to the charged
state of the growth planes, which results in
the fact that the coefficients of thallium
incorporation into the prism and pyramid
are different (1.0 and 0.5, respectively).

As stated while comparing the rocking
curves obtained for pure KDP and ADP crys-
tals and for those doped with thallium (up
to 0.1 mass % and 1.0 mass %, respec-
tively), such a doping does not cause any
deterioration of the structure perfection.
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Fig. 3. Absorption spectra of nominally pure
ADP (1) and ADP:TI* (0.1 mass %) (2) crystals.

The half-widths of the rocking curves lie
within the interval B = 7-10" for all the
studied thallium concentrations. No essen-
tial changes are stated for the integral re-
flection power IF,  either, and this points
to the fact that the density of two-dimen-
sional defects in the crystal lattice is insig-
nificant. Scanning of the sample by X-ray
beam testifies that the structure perfection
of the grown crystals is homogeneous over
the cross-section. The measured structure-
sensitive parameters of KDP:TI* and ADP:TI*
crystals are presented in Table 2.

Optical spectra of the doped crystals
show that in ADP:TI*, the thallium absorption
band lies at about 220 nm. The absorption
spectrum of the crystal with 0.1 mass % thal-
lium concentration is presented in Fig. 3. The
same Figure also contains the absorption
spectrum of undoped ADP crystal which
points to the absence of the absorption band
associated with the doping impurity. Fig. 4
presents the photoluminescence spectra with
the emission band maximum at 280 nm ob-
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Fig. 4. Photoluminescence spectra of nomi-
nally pure ADP (1) and ADP:TI* (0.1 mass %)
(2) crystals.

tained under excitation of ADP:TI* crystal
with UV radiation of 220 nm wavelength.
In the undoped crystals, no photolumines-
cence is observed. As to KDP:TI* crystals,
the excitation band maximum is shifted to-
wards longer wavelengths (from 220 to
240 nm), as the thallium concentration
rises, while the position of the photolumi-
nescence emission band maximum remains
unchanged, but the emission intensity in-
creases. Fig. 5 presents the excitation and
emission spectra for KDP:TI* crystals with
thallium concentration of 0.001; 0.01;
0.1 mass %. In the undoped crystals, pho-
toluminescence is not observed either.
Comparison of the results obtained in
this work concerning photoluminescence of
thallium-doped KDP and ADP crystals with
literature data [7—10] shows that the char-
acteristic emission bands caused by the in-
trinsic defects (A- and B-radicals) in the
620-350 nm region of are absent at room
temperature. The photoluminescence excita-

Table 2. Structure parameters of KDP and ADP crystals depending on the thallium concentration

TI*, mass. % Reflex v, A3 B, arcsec 1.10°6 d, A
KDP ADP KDP ADP | KDP | ADP | KDP | ADP KDP ADP
1 pure pure {800} | 387.026 | 446.707 7.1 6.8 4.72 2.96 |0.931354 | 0.937025
{008} 7.4 6.6 8.4 5.43 [0.871877 | 0.993690
2 1108 — {800} | 387.027 — 7.5 — 4.78 — 0.931355 —
{008} 8.5 — 8.41 — 0.871446 —
3 1-102 11072 {800} | 387.029 | 446.719 8 7 4.39 3.3 0.931359 | 0.937041
{008} 9 6.9 9.16 5.3 0.871444 | 0.993683
4 5.1072 — {800} | 387.039 — 7.8 — 4.82 — 0.931386 —
{008} 9.2 | _ 9.2 _ |o.871427 _
5 11071 110! {800} | 387.044 | 447.746 7.8 8.1 4.4 3.5 0.932465 | 0.937085
{008} 9.8 7 9.3 5.2 0.871437 |0.993648
6 _ 710! {800} _ 446.764 | — | 7.3 _ 3.35 _ 0.937136
{008} — 7.6 — 6.66 — 0.993579
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Fig. 5. Normalized excitation and photolumi-
nescence spectra of KDP:TI* crystals. Dopant
concentration (per cent mass): 0.001
(squares), 0.01 (circles), 0.1 (triangles).

tion band of KDP:TI* and ADP:TI* crystals
corresponds to the band of thallium impu-
rity absorption in the crystals. The 280 nm
absorption band may be attributed to in-
tracenter activator emission.

Thus, increase of the doping thallium
impurity concentration in the initial solu-
tion causes habitus changes in the growing
KDP crystals. An anisotropy of thallium im-
purity incorporation into the prism and
pyramid growth sectors of ADP crystals is
revealed which may be caused by the charge
state of the growth planes {100} and {101}.
Incorporation of thallium impurity into
KDP crystals is limited by the difference in

ionic radii of K* and TI* cations. The struc-
ture perfection of thallium-doped KDP and
ADP crystals becomes not deteriorated as
the thallium concentration increases up to
1.0 mass %.
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BupomyBauusa jgerosanux tajgiem kpucraais KDP
ta ADP: cTpykTypHi Ta onmTMuHi mapamerpu

B.1.Cano, B.®d.Txauvwenrxo, O.I1.Boporos,
B.M.Ily3ixoe, B.O.Ilypuxkos

BuBueHo BILIMB aKTHBAaTOpPa TaMil0 Ha KIHETHMKY POCTY Ta CTPYKTYPHY [IOCKOHAJIICTH
kpucrainiB KDP ta ADP, xapaxrTep BXOj:eHHA 1 posmoxiny iioro y Kpucraiiuxiii rparmi ta
Ha doToaoMiHeciilini BiaacTuBocTi. BusBieHo aHI3OTPOIi0 BXOMKEHHS MAOMIIIKM Talliio y
CEeKTOpHU poCTy IpuUaMu Ta mipamigu xpucranaiz ADP, mio mosxe 6yt 00yMOBIEHO 3apsATOBUM
cramom momwuH pocty {100} i {101}. ¥V xpucramax KDP sBxomkenHs gomimkm ramiio
aimiryerbesa BigmiEHicTIO ffomHMX paxiyciB xariomis K* i TI*. Ilpm xeryBammi Tamiem zmo
1,0 mac.% xpucranis KDP i ADP smimenHs cTPYKTYPHOI MOCKOHAJOCTI HEe BCTAHOBJIEHO.

Ipu upOMy BUABIEHO 36iMbIIeHHS mapamerpa rparku ¢ Ha 0,9-1073+3.107° A ra smenmenHs
napamerpa ¢ na 1,1.1073+8.107% A g ADP kpucranis. CMyra morauHaHHS Tamio y Kpurc-
razax KDP:TI* ta ADP:TI* smaxomxurbca y Mmexax 220 HM, a MaKCHUMyM CMyTH emicii

3HAXOAMTHCH HA AOBXUHI xBuai 280 aHM.
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